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Abe tract This  study  deals  with  influence  of  the  ice  cover  floating 
on  the  surface  of  a two-layer  fluid  of  finite  depth,  on  waves  generated 
tw  periodic  temporal  atmospheric  disturbances.  ^ 

^ i 

This  paper  is  a study  of  the  influence  of  a thin  elastic  plate 
floating  on  the  surface  of  a two  layer  fluid  of  finite  depth  on  waves 
generated  by  periodic  normal  stresses.  As  a special  case  one  can  consider 
the  ice  cover  to  be  a plate.  Analogous  problems  in  the  absence  of  a plate 
in  a homogeneous  fluid  were  considered  in  [l^t  and  in  a two- layer  fluid, 
in  [2,3*].  The  Influence  of  the  plate  on  waves  in  a uniform  fluid  were 
investigated  in  [4]  to  [7]  and  in  a two- layer,  infinitely  deep  fluid,  in 
[8]. 
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1.  Let  an  ice  cover  float  on  the  surface  of  an  incompressible  two- 
layer  fluid.  The  thickness  of  the  upper  layer  of  the  fluid  and  its  den- 
sity will  be  denoted  by  H*  andpi,  respectively  and  the  thickness  of  the 
lower  layer  and  its  density,  by  H2  and  p 2»  respectively.  We  shall  inves- 
tigate the  influence  of  the  ice  cover,  considered  to  be  a thin  elastic 
plate,  on  waves  generated  by  a periodic  atmospheric  disturbance 

P ■ af(x,y)  cos  at.  (l.l) 

o 

It  is  assumed  that  the  motion  of  the  fluid  is  potential  and  the  velocity 
potentials  for  the  motion  of  the  upper  and  lower  layers  of  the  fluid  are 
designated  f i^tay****)*  Assuming  the  velocity  and  down  warp  of  the  ice 
to  be  small,  one  obtains  the  following  equations  for  9 ^2 
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z - - H, 

dz 

where  d ” Eh-^12(l  - is  the  cylindrical  rigidity  of  ice,  E and  v 

are  the  Young's  nod  ulus  and  Poisson's  ratio  of  ice,  h and  £ ^ are  thickness 
and  downwarp  of  the  ice,  a is  the  mass  per  unit  area  of  the  ice  surface, 

( 2 is  the  deviation  of  the  fluid  interface  from  the  equilibrium  posi- 
tion. Let  the  z axis  be  directed  vertically  upward  and  the  origin  of  the 
coordinate  system  lie  along  the  undisturbed  interface  separating  layers 
with  different  densities. 


Applying  the  two  dimensional  Fourier  transform  in  variables  x and  y 
to  Eqs.  (l.2;  and  the  boundary  conditions  (1.3)  we  obtain  the  following 
expression  for  £ j and  £ 


r^i  2d"*(r)f(m,n)  exp  [i(mx  + ny  - 


'"jdmdn, 


where 


(1.4) 


4 - [d^r^  + r(l  - [»7  tanh  (rH^)  + a2®  tanh(rH^3~  ♦ 02 a tanh(rl^  )tanh(rH2)], 

” -^tanh(rHj)  - c^a  tanhCrHg),  ^2  ■ - tanh(rH2)cosh~1(rH1), 

»?  * tf2  - rg€  tanh(rH2),  r - (m2  + n2)^, 

*1  "pie' 

f (m,n)  is  the  Fourier  transform  of  f(x,y). 

In  the  plane  and  axl -symmetrical  oases,  (j  2 assumes  the  form 

/•oo 

r^  2d_1(r)  f(r)  exp  [i(rx  - at)]dr,  (1.5) 
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/•OO  o o 1 

f(r)  Rf(r)Jo(rR)dR,  R - (x2  + y2)*  ■ 

For  large  values  of  R,  Eq,(l,6)  will  assume  the  form 

^1,2  " cos  (rR  " V4)dr  exp(-  iat).  (l.?) 

The  error  Introduced  In  rewriting  Eq.  (l.6)  in  the  form  given  by  (1.7) 
is  on  the  order  R"3/2, 


Analysis  of  the  roots  of  the  equation 

A (r)  - 0 (1.8) 

has  shown  that  when  dj.  > 0,  < 1 the  function  under  the  integral  sign 

in  Sq.  (l.7)  has  first  order  poles  at  points  r« , r£  along  the  positive 
axis.  Satisfying  the  radiation  condition,  let’s  deform  the  initial 
integration  path  into  the  path  L alon g the  positive  axis  passing  around 
points  ^f2 along  small  semicircles  in  the  lower  half  space.  At  d ■ 0, 
a.  > 1 ®q.  (l.8)  has  no  real  roots  and  integration  can  be  performed  along 
tne  positive  axis.  Results  of  the  integration  of  Eq.  (1,7)  show  that  at 
dj  > 0,  aj  < 1 the  final  expressions  for  the  type  of  waves  generated  at 
the  ice-water  surface  and  the  interface  separating  layers  with  different 
densities 

( ’ <2",3+,,4  (l-9) 

”1.2  ■ 13,4  - Vrl,2>  olnaCrj  j). 

where 

*1.2  "pjr(r  )*  TGT  r3/2f(r)*  a - rR  - at  - ir/4  (1.10) 

V l 2 ani  ^ (r)  are  the  sane  as  in  Iq.  (1.4)  and  a prime  indicates  dif- 
ferentiation with  respect  to  r. 

In  the  two  dimensional  case  analogous  method  can  be  used  to  solve 
* <b  (1.5)  to  give  formula  (1.9)  For  $ . 2»  "her®  2 ****  0 8X6  etven  ty 
the  following  expressions  * * 
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(l.ll) 


a(2rr)^  - 


a • rx  - at. 


From  Eqs.  (1.9)  to  (l.ll)  it  follows  that  two  systems  of  waves  appear 
on  the  ice-water  surface  and  the  interface  separating  layers  with  different 
densities  when  d.  > 0,  a.  < 1.  The  first  system  of  waves  corresponding 
to  the  pole  r ■ r^  represents  the  usual  surface  waves,  while  the  second 
one,  corresponding  to  the  pole  r “ r2  (r£  rl ' corresponds  to  pure  in- 
ternal waves.  The  only  difference  between  the  waves  arising  at  the  inter- 
face separating  layers  with  different  densities  and  the  ice  water  surface 
are  their  amplitudes.  When  d*  - 0 , aj.  > 1,  the  amplitude  of  surface  waves 
decays  exponentially  with  increasing  R.  The  velocity  and  wave  length  of 
the  first  and  second  systems  of  waves  have  the  following  form* 
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2rr 


1.2 


"1,2 


(1.12) 


1,2  *1 ,2 

An  analytical  expression  for  the  roots  r^  2 can  be  found  only  in  special  cases. 


Short  Waves  ■*  >>  1 
6 


From  equation  (l.8)  we  find 


Then, 


€g 

(1  *a)a 


- (1  +«)q^g. 

2rt€g  . Vr: 2^ 

U +aJo2  bTT^T 


(1.13) 

-_i(l  + * ) exp(r2H1)  (1.1*0 


From  this  it  can  be  seen  that  the  velocity  and  length  of  internal  waves 
and  also  the  ratio  of  the  amplitude  of  the  internal  wave  at  the  layer 
interface  with  the  amplitude  of  the  same  wave  at  the  ice-water  surface 
are  independent  of  the  properties  fo  the  ice  cover.  In  the  case  of  broken 
ice  (E  - 0)  we  find  that  for  all  values  of  < 1 


In  the 


g(t  . vi  “ " ai>’  \ " 2tt^”2(1  " 

« a.  (1  - a) 

m “ 2a(i  -a”)  exp  (rlV* 

case  of  a continuous  ice  cover  (I  - 0)  and  for  small  values  of 


(1.15) 


d2 


4 


and  aj  (d2-  djCpg-4)  we  get 

rj  - a2g-1  (1  + at  - d2),  - g^d  - a1  + d2), 

„ B<  (r,  ) f €(d,  - a« ) 1 A_ 


*1  - a,e0”2d  - “l  + d2>'  ' [‘  + 


exp  (rjHj). 


(1.16) 


Fran  formulas  (l.l8)  it  can  be  seen  that  an  increase  in  Young's  modulus 
of  ice  increases  the  velocity  and  length  of  surface  waves,  while  on  the  L57 

other  hand  large  forces  decrease  and  X,  , The  ratio  of  the  ampli- 
tude of  the  surface  wave  at  the  ice- water  surface  with  the  amplitude  of 
this  wave  at  the  layer  interface  also  increases  with  increasing  E but 
decreases  with  increasing  large  forces.  However,  at  small  values  of  € 
this  change  is  of  the  order  of 

Long  waves  ( g ) ^<<:  1 » 

After  replacing  tangents  with  their  arguments,  equation  (1.8)  can 
be  written  in  the  following  form 


4 

(1  - dj  + dxr4)  [rV^Hg  - +«H)]  + - 0. 

From  this  it  follows  that  at  d - 0 and  for  any  values  of  < 1 we  have 

rl  ' [«H(1  - V]  • V1  ' CeH(1  ■ ^ CeH(1  ' 


(1.1?) 


(1.18) 


Mrl>  H 

"W"  ®V 


When  d2  - <U  (gH 


« 1 and  « 1 we  obtain 


[l  + i(at  - d2)],  V,  - (gH)^[l  - i(at  - d2)], 
*1  - ZnO-^gH)^!  - 4(ai  + d2)],  "o^  * 


(1.19) 
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From  Sqs.  (l.l8)  and  (1.19)  it  follows  that  in  the  case  of  long  waves 
the  broken  ice  decreases  velocity  and  length  of  the  surface  waves.  Con- 
tinuous ice  at  d2  > ai  increases,  and  at  d2  < ot^  decreases  Vj  and  Xj^. 

The  ratio  of  amplitudes  of  surface  waves  at  layer  interfaces  is  indepen- 
dent of  the  parameters  of  the  ice  cover. 


For  the  internal  waves  both  in  the  case  of  broken  ice  at  arbitrary 

at 


values  of  < 1 and  continuous  ice 


small  values  of  d2  and  we  have 


= a H 
12  " foH?  (€HiH2)i  ’ 

X2  - ZnO~^ (gH)^H-1  *, 


B2^r2^  = _ crH 

Bi (r2 ) €Hi* 


(1.20) 


From  this  it  can  be  seen  that  the  velocity  V the  length  X£  and  the  ratio 


B2(r2) 


are  independent  of  d2  and  a^. 


Thus,  in  the  case  of  short  period  and  long  period  disturbances,  the 
velocity,  length,  and  the  ratio  of  amplitudes  of  internal  waves  generated 
by  the  pressure  of  the  form  given  by  (l.l)  at  the  ice-water  surface  and 
at  the  layer  interface  are  independent  of  the  parameters  of  the  ice  cover. 


Numerical  calculations  were  made  in  order  to  determine  the  influence 
of  the  ice  cover  on  the  surface  and  internal  waves.  Calculations  were 
made  using  formulas  (l.9),  (l.ll),  (l*12)  for  f(x)  in  the  form 
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f(x)  " Co 


•xl  < * (1.21) 

Ix|  > i 


for  two  values  of  € (2  x 10  3 and  10  2) f % - 103  m and  the  values  of 
parameters  h(m),  Hj  2(M),  a( s~1),  varying  between  the  limits 

0 < h < 3,  50  < < 500,  500  < H2  < 4 X 103,  5 X 10"3  < O < ? x 10"1.  (1.22) 

The  Young* s modulus,  specific  weight,  and  Poisson’s  ratio  of  ice  were 
taken  to  be 

E - 3 x 107  n/m2,  p - 8?0  kg/m3  v - 0.34  . (l.23) 

Analysis  of  the  results  of  the  calculations  has  shown  that  the  ice  cover 
has  practically  no  effect  on  the  velocity  and  length  of  the  internal 
waves  (V2,X2).  The  velocity  and  length  of  the  surface  waves  (V^^Xj)  when 
a > where 
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a - r 1 1/6  . (1.24) 

L E5i2  -I 

Increase,  and  when  O < O.  decrease  with  increasing  thickness  of  the  con- 
tinuous ice  cover.  Broken  ice  decreases  V.  and  Xj  in  comparison  with  the 
velocity  and  length  of  surface  waves  in  a two  layer  fluid  in  the  absence 
of  ice.  When  XjU^  + H2)_1  < 1.  the  influence  of  the  ice  cover  on  para- 
meters of  surface  waves  is  less  than  1 percent. 

The  influence  of  the  fluid  nonuniformity  on  the  velocity  and  length 
of  surface  waves  is  the  same  as  that  in  the  absence  of  ice.  During  short- 
period  oscillations,  and  X^  are  practically  indepent  of  €.  In  the 
case  of  long-period  oscillations,  an  increase  in  € results  in  a decrease 
in  the  velocity  and  length  of  the  surface  waves.  However,  this  change 
for  parameter  values  given  by  (l.22)  does  not  exceed  0.1  percent.  The 
velocity  and  length  of  internal  waves  Increase  considerably  with  increasing 
€.  Table  1 shows  the  numerical  values  of  V^,  Xj,  and  v2’^2  ^or  % " 50  m 
and  Ho  - 103  m.  Prom  this  it  can  be  seen  that  an  increase  in  € from 
2 x 10“3  to  10  "2  at  O - 5 x 10"i  s"1  and  at  a = 3 x 10~i  s resulted 
in  an  approximately  five  fold  increase  in  V£  and  X2.  This  increase  is 
the  same  in  the  absence  of  ice  (h  - 0)  and  both  in  the  presence  of  con- 
tinuous (E  + 0)  and  broken  (E  - 0)  ice.  As  the  thickness  of  continuous 
ice  increases  from  h ■=  0 to  h = 3 m,  the  velocity  and  length  of  surface  [59 
waves  at  0 * 5 x 10"^  s"^  for  both  values  of  € (2  x 10"3  and  10“2)  in- 
creased 13  percent  for  E / 0 and  decreased  8.6  percent  for  E = 0.  For 
a - 3 x 10"*  s"i  and  the  same  values  of  h and  €, continuous  ice  increased 
and  Xj  2.4  percent. 


Table  2 shows  the  numerical  values  of  amplitude  of  waves  rj i 
i - 1, 2,3(4  (see  (l.8)).  denoted  correspondingly  , for  f(x)  of 
the  form  given  by  (l.2l),  « 50  m,  Ho  ■ 500  m,  and  other  parameter 

values  of  the  problem  shown  in  the  table  for  the  case  of  continuous  ice. 
The  values  of  ai  in  Table  2 are  given  with  an  accuracy  up  to  a factor 


In  the  case  of  broken  ice,  the  dependence  is  approximately  the 


same.  From  Table  2 it  can  be  seen  that  an  Increase  in  € leads  to  a de- 
crease in  the  numerical  values  of  amplitudes  a^,  ao  of  surface  waves  7? j, 

Ifo.  However,  the  decrease  in  amplitude  is  practically  independent  of 
the  thickness  of  ice.  At  <J  - 10-2  s"1  and  a - 8 x 10"J  s_1  the  ampli- 
tudes of  internal  waves  a2,  a^  increased  5*2  and  6.9  times,  respectively 
with  Increasing  €•  This  increase  is  the  same  both  for  h ■ 0 and  for  h ■ 3m. 
For  O - 3 x 10"1  s"1  the  amplitudes  of  a2,  a^  are  small  in  comparison  with 
the  surface  wave  amplitudes. 


An  increase  in  the  thickness  of  ice  from  h - 0 to  h - 3 at  O “ 3 x 10  s [60 
resulted  in  an  approximately  3.2  times  decrease  of  the  amplitude  of  aj 
for  both  € - 2 x 10"3  and  € - 10"2.  At  a - 10"2  s"1  and  a - 5 x 10"-7  s"1 
and  the  same  values  of  €,the  ice  cover  has  practically  no  influence  on 
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Table  1 


The  Influence  of  Ice  Properties  and  Fluid  Inhomogeneity  on  Velocity  and 

Wavelength  of  Waves 


V 

V 

V 

X2' 

h. 

E. 

€ a. 

m/s 

m 

m/s 

m 

m 

N/m2 

-1 

s 

19.61 

246.3 

0.019 

0.246 

0 

9 

22.27 

278.5 

0.019 

0.246 

3 

3 x 10' 

2 x 10"3 

18.30 

229.9 

0.019 

0.246 

3 

0 

19.61 

246.3 

0.098 

1.238 

0 

_ 5 x 10"1 

22.17 

278.5 

0.098 

1.238 

3 

3 x 10 

10“2 

18.30 

■ 1 1 W 

0.098 

1.238 

3 

0 

26.68 

684.1 

0.033 

0.685 

0 

.7 

32.08 

671.6 

0.033 

0.685 

3 

3 x 10' 

2 x 10-3 

31.8° 

667.4 

0.033 

0.685 

3 

• 0 

X 

h-* 

o 

1 

»-* 

3? 

84.1 

0.164 

3.438 

0 

1.6 

0.164 

3.438 

3 

3 x 10' 

10“2 

mmm 

8.1 

0.164 

3.438 

3 

0 

Table  2 


The  Influence  of  Ice  Properties  and  Fluid  Inhomogeneity  of  the  Wave 

Amplitude 


4.838 

8.46  x 

10“5 

3.057 

0 

1.484 

8.34  x 

10"14 

0.930 

0 

1.359 

1.43  x 

10'2 

1.235 

6.154 

1.359 

1.39  x 

10-2 

1.235 

5.994 

0.680 

6.89  x 

10'1 

0.618 

3.997 

0.680 

6.88  x 

10”1 

0.618 

3.993 

4.823 

4.29  x 

10”3 

3.047 

0 

1.479 

7.55  x 

10'10 

0.927 

0 

1.351 

7.45  x 

10“2 

1.228 

7.983 

1.351 

7.44  x 

10“2 

1.228 

7.979 

0.676 

1.00  x 

10_1 

0.615 

5.837 

0.676 

1.00  x 

10*1 

0.615 

5.837 

0 3 x lCf1 


0 

0 

3 

o 

3 

o 

3 

o 

3 


10'2 

5 x lo "3 
3 x lo-1 
1 x 10"2 


0 5 x 10-3 
3 


2 x 10' 


r3 


10' 


-2 
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the  amplitudes  and  a-}  of  surface  waves,  while  the  amplitudes  of  in- 
ternal waves  decrease  somewhat  with  increasing  h from  0 to  3 m.  At 
€ m 2 x 10-3  and  O ” 10“2  s“  , the  decrease  in  a?  and  a 4 is  2.8  and  3.1 
percent,  respectively.  However,  the  influence  of  ice  on  a2  and  a^de creases 
with  decreasing  a so  that  the  properties  of  ice,  exert  no  noti cable  influenc 
on  the  amplitudes  of  internal  waves  and  on  their  velocity  and  length  at 

0 ■ 5 x 10~3. 


The  amplitude  a4  of  the  internal  wave  774  arising  at  the  layer  inter- 
face can  exceed  many  times  the  amplitude  aj  of  the  surface  wave  77  j_.  For 
example,  for  T **  2n/o  ~ 6 hr,  *=  50  ^2  “ ^ ~ 2 x 103 

a 4/ai  - 100.  It  should  be  noted,  that  proper  selection  of  the  width  (i) 
of  the  pressure  region  may  lead  to  zero  values  of  amplitudes  aj  and  a.j 
of  the  surface  waves.  However,  the  amplitude  a^.  of  the  internal  wave  will 
not  be  equal  to  zero  and,  consequently,  we  will  have  a clearly  defined 
case  of  the  "dead  water"  phenomenon.  In  an  analogous  manner,  only  sur- 
face waves  can  appear  in  a two-layer  fluid  under  the  influence  of  atmos- 
pheric disturbances.  For  (l.2l),  this  will  occur  at  £ ■=  22  , n *=  1,2,... 

2.  Let  periodically  varying  pressure  be  applied  to  the  surface  of 
the  ice  cover.  If  this  pressure  is  of  the  form 

PQ  ■ af(x)  cos  (Ky  - at),  (2.l) 

we  can  obtain  the  following  expression  for  deviation  of  the  ice-water 
interface  $1  and  deviation  of  the  density  separating-interface  £ 2 from 
the  undisturbed  state 


1*2  (2 n)tplg 


-no  -1  _ 

—I  Tip.  _ A (r)f(m)  exp  [i(mx  + ky  - at)]dm  , (2.2) 

o l'z 


where  r “ (m2  + K 2 andd(r)  are  the  same  as  in  formula  (l.4), 
f(m)  is  the  Fourier  transform  of  f(x).  At  large  x calculation  of  the  in- 
tegral in  Eq.  (2.2)  leads  to  the  following  expressions  for  77  ^ 2 and  77 ^ .4  ln 
formulas  (1.9)  for£^  2* 


^1,2  m B i^ml ,2^  Slnal,2’  ^3,4  " B 2^mi ,2^  slnal,2’ 

*1.2  ’ 


(2.3) 


■l,2  " (rl,2  " ^ 


ai,2  " ri,2Xl,2  ' 0t* 


t\%2  aie  the  positive  roots  of  Eq.  (l .8),  K < r^  < r2,  the  direction  of 


9 


oxj  2 a11  angle  8l,2  (tan  Pi, 2”  ^/ml,2)  ^tth  the  x axis,  and  prime 

Indicates  differentiation  with  respect  to’r. 


From  this  It  can  be  seen  that  two  systems  of  waves  arise  at  the 
ice-water  surface  and  the  layer  interface.  The  first  system  of  waves, 

77!  andJ73»are  surface  waves,  while  the  second  system,  77 2 andr74»are 
pure  internal  waves.  The  velocity  and  length  of  surface  and  internal 
waves  is  determined  by  Eqs.  (l,12).  "he  influence  of  heterogeneity  of 
the  fluid  and  the  properties  of  the  ice  cover  on  V^2»  ^1,2  on 

the  ratio  of  amplitudes  ai(i  - 1,2, 3. 4)  of  waves  77 ± is  the  same  as  in  the 
case  of  pressures  of  the  form  given  by  (l . 1 ) . 

The  direction  of  motion  of  internal  waves  77  2 and  134  varies  substan- 
tially with  € and  is  practically  independent  of  the  thickness  of  ice. 

For  example,  for  Hi  m 50  m..  = 800  m,  K **  2 x 10“^  m"l,  and  C m 10  s 

a change  in  € from  2 x 10“3  to  10“2  resulted  in  an  increase  in  the  auigle 
02  fro®  11° 24*  to  25°151.  For  d > (see  (1.24)),  continuous  ice  increases 
the  angle  8j_.  while  at  O < dj  it  decreases  8«.  Broken  ice  decreases  the  _2  \_(& 

angle  81  for  all  values  of  d.  For  example,  for  d = 7 x 10”!  s , K ■=  2x10  m , 

Hi  “ 30  m,  H2  «*  500  m,  € =*  10  , a change  in  the  thicknessof  ice  from 
h"0toh"3®  results  in  an  increase  in  the  angle  8^  from  24°10'  to 
40°10' , in  the  case  of  continuous  ice,  and  a decrease  of  81  from  24°  10' 
to  20°  20'  in  the  case  of  broken  ice.  Variation  of  € from  2 x 10"-'  to 
10-2  has  negligible  effect  on  the  angle  8n 


Since  the  amplitudes  of  surface  waves  77.,  773  are  proportional  to 

, (X  > Xj),  they  can  be  quite  large  when  the  length  of 

the  pressure  wave  X is  close  to  the  length  X^  of  the  surface  waves.  When 
ri  < K < r2.  surface  waves  77  ^ and  77 , will  decay  exponentially  with  increasing 
distance  from  the  pressure  region.  JIn  this  case,  disturbances  of  the  ice- 
water  surface  and  layer  interface  at  a certain  distance  from  the  pressure 
region  will  represent  pure  internal  waves 


2’ 


mT,L 


(2.4) 


where  77  2 and  77^  are  determined  by  formulas  (2.3)«  In  this  case,  resonance 
can  occur  at  length  of  the  pressure  wave  ^ close  to  the  wavelength  of  in- 
ternal waves  y . 2rr 
2 *2  * 

Since,  when  O > the  continuous  ice  cover  decreases  the  numerical 
value  of  the  root  rj  in  comparison  with  its  value  rj  in  the  absence  of 
ice,  wave  numbers  K in  the  expression  for  the  pressure  (2,l)  exist  such 
that  r<<  K < rP.  This  indicates  the  existence  of  lengths  for_pressure 
waves  a.  satisfying  the  condition  Xj  < X < X^  (Xf  ■ 22  , X^  ■ yJ)  »t 

which  the  two  systems  of  waves  (surface  and  internal)  arise  in  a two- layer 
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with  a free  surface  under  the  Influence  of  pressure  of  the  form  given  by 
equation  (2.l).  Assuming  all  conditions  remain  the  same,  it  also  Indicates 
that  only  internal  waves  (rj  ,»v)  arise  in  a fluid  covered 
with  continuous  ice.  What’s  more,  if  surface  waves  ( >7  » T]  ^)  were  not 
generated  in  the  absence  of  ice,  they  also  can  not  appear  in  the  absence 
of  ice.  Broken  ice  increases  the  value  of  r<  in  comparison  with  the  value 
r?.  Consequently,  if  in  the  absence  of  ice  the  pressure  given  by  (2.1) 
with  a fixed  wavelength  X.  generates  surface  and  internal  waves  in  a fluid 
in  the  absence  of  ice,  then  the  waves  Hi  0 ■*  1*2,3*4)  in  a fluid  covered 
with  broken  ice  at  this  A will  not  be  attenuated.  _ However,  it  is  pos- 
sible to  have  wavelengths  of  pressure  wave  (Af  < A < A0),  for  which 
only  internal  waves  (>72*  U4)  arise  ln  a fluid  with  a free  surface,  while  L 
both  surface  and  internal  waves  can  exist  in  a fluid  covered  with  broken 
ice.  At  r2  < K,  unattenuated  waves  will  not  form  at  the  ice-water 
interface  and  the  layer  interface. 

3.  Let  a periodic  pressure  system  of  the  form 

P = a cos  (rx  - at)  (3.1) 

O 

propagate  along  the  ice  cover  floating  on  a free  surface  of  a taro  layer 
fluid.  In  this  case,  a single  system  of  waves  of  the  form 

r0  04-1(r)  cos  (rx  - at) 

<1.2"  0lg  1,2 

arises  at  the  ice-water  surface  and  the  layer  interface.  In  this  case, 

^4  2,  and  A (r)  are  determined  by  formula  (1.4).  The  velocity  and  length 
of*  -the  wave  generated  are  equal  to  velocity  and  length  of  the  pressure 
wave 


Since  ^ 1,2  is  proportional  to  d _1(r),  resonance  will  take  place 
when  the  wavelength  of  the  pressure  wave  coincides  with  the  wavelength 
of  natural  oscillations  of  the  fluid.  In  this  case,  there  are  only  two 
such  resonance  wave  lengths  for  pressure  waves.  Both  correspond  to  posi- 
tive roots  ri  2 of  8(1  * U*®)«  The  Influence  of  the  ice  cover  and  inhomo- 
genelty  of  the  fluid  on  the  values  of  resonance  wave  lengths  of  pressure 
waves  is  analogous  to  the  influence  on  the  wave  lengths  of  waves  created 
under  the  influence  of  pressure  in  the  form  given  by  (1.1)  and  (2.1)  l Table  l) 
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